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ABSTRACT 



An optical pickup of a compatible type which can be 
switched fw a DVD and a CD by a con^)leteJy electrical 
control wittiout the need of a mechanical moving device or 
the like and is suitable for the reduction in size and also has 
an oiccilent efficiency in the use of li^t. A liquid crystal 
panel of a transmission type which gives a phase difference 
of a U wavelength or a wavelength that is an odd number 
multiple of V4 wavelength to a transmissloD light and has a 
transparent electrode having an aperture pattern of a prede- 
termined shape is used and the liquid crystal panel is 
arranged so that its plane of polarization crosses a plane of 
polarization of a polarization beam splitter at a predeter- 
mined angle. An applied voltage to the transparent electrode 
is controlled so that the whole surface of the liquid crystal 
panel functitnis as a Va wavelength plate during a rq>roduc- 
tion operation or a recording operation of the DVD and only 
the aperture pattern portion functions as a V* wavelength 
plate during the reproduction operation of tiie CD. 

11 Clainis, 16 Drawing Sheets 
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FIG. 9 
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OPTICAL PICKUP USED WITH BOTH DVD in size. In the case of the method of using the hologram* 

/^j^ Qj) drawbacks are such that since a difitaction and an Inteifer- 

cnce are used and there are always a plurality of spots, the 

BACKGROUND OF THE INVENTION efficiency in use of a light cannot be raised, Furthennore, 

1 Reld of the Invention ^ because of its multi-beam scheme, an influence by the 

The present invention relates to an optical pickup for interference can develop easily, 

recording or reading out record information to^m an OBJECTS AND SUMMARY OF THE 

optical disc, and more particularly to an optical pickup of a INVENTION 

compatible type which can be used fcff both of a DVD ^ . . , . - , . 

(Digital Video Disc) and a CD (Compact Disc). ^° The present mvenhon has been made to solve above- 

' ^ <: o I ^ Ai f mentioned problems and it is an object of tiie invention to 

2. DesmpUon of Background Infonnation ^ ^ Optical pickup of a compatible type which can be 
The DVD is an opUcal disc which is capable of recording ^^^^^^ ^ ^ tXtciiica} control 
a large amount of digital informaUon, and its recording uitiraatcly without the need of a mechanical moving device 
scheme allows the recording of digital infoimauon such as ^^^^ ^ suited for reduction in size and is also exccUent 
motion picture, con^utcr information, or the hke on a disc efficiency of die use of light, 
havine the same diameter of 12 cm as the CD, at a recording ^ j ^ v *i- Z' ^ ^i. * n ■ 
* , . , ^ ... rt. 7« In order to achieve these objectives, the following vanous 
density of six to aeht times as high as that of the CD. In , ^jj-^ .i 
ucusu;r VI aiA w ,.,7^.^ features anc dcvlsed m the pTCseDt Invcnuon. 
order to achieve such a high density recording, vanous ^ ^ ^ . . ^ . 
dcviccshavebccndcvclopedfortheDVD.Forexamplconc ^ According to the first aspect of the mvenUon. there is 
kind of the DVD called SD (Super Density Disc) will now provided an opUcal pickup oompnsing at least a User Lght 
be considered. In order to increase a recording edacity, the ^^"rce, a beam splitter, and an objective lens, wherein a 
wavelengtti of a laser light source to be used is 650 nm di^Aragm means which can clcctricaUy vaiy an aperture 
(nanometers) or 635 nm, which is much shorter than 780 nm arranged between the objective lens and die beam 
oftheCD.andanumeticalapertureNAofanobjecUvelens ^ splitter and the aperture pattan is switch«l m accordance 
is set to 0.6, whidi is larger than the oonespoading value ^ with the type of die optical disc to be used. 
0.45 of die objective lens for the CD. FurtheraKire, the According to the second aspect of the invention, in the 
MPEG2 is used as the data compression algorithm, thereby above described optical pickup, die beam splitter is a polar- 
achieving a high density recording of about 5 G bytes (about ization beam splitter. A Uquid crystal panel of a transmission 
eight times as high as that of the CD) on one side of the disc. 3^ type which gives a phase difference of a V4 wavclaigtfi or a 
As mentioned above, the recording is performed on die wavelength dial is an odd number multiple of die >4 wave- 
DVD at a density much higher dian the CD. Therefore, it is lengtii to a transmission light and which has a transparent 
necessary to set a spot diameter of a laser beam for reading electrode having an aperture pattern of a predetermined 
pit information to a value that is faiiiy smaller than dial of sh^, is used as a diaphragm means. The liquid crystal 
tile CD. The spot diameter of die User beam is proportional 33 panel is arranged so dial its plane of polarization crosses a 
to the wavelength X of die laser being used and is inversely plane of polarization of the polarization beam splitter at a 
proportional to die numerical apCTtmc NA of the objective predetermined angle, and a voltage applied to the transparent 
lens. In the SD. such a structure is realized by using a laser electrode is controlled so diat die whole surface of die Uquid 
light source of a short wavclcngtii and an objective lens crystal panel fxmctions as a W wavelength plate when 
having a large numerical aperture NA. 40 reproduction or recording is pcrformd on an optical disc for 
In view of die pohit die DVD and the CD use die same «»e highndensity recording and only the aperture pattern 
recording format, it is desired ttiat the CD can be also Portion functions as a wavelength plate when the repro- 
reproduced by a DVD player. When the wavelengdi X of die Auction of die compart disc is performed, 
laser is shortened and the numerical aperture NA of die According to die tiurd aspect of die invention, m die 
objective lens is raised for die DVD, however, die margin for 45 optical pickup according to die second aspect of die 
die deviation angle of die disc surface from die direction invention, a pluraUty of aperture patterns arc formed along 
perpendicular to an optical axis of die optical pickup, diat is, die radial direction of die disc. The applied voltage is 
die so-called tilt angle, becomes small. Since die tiiickness controUed so diat die aperture pattern portion in which an 
of die disc of die CD is larger dian that of die DVD (for optical axis of die objective lens coincides widi die center of 
example, die disc diickness of one side of die SD is equal to » aperture functions as a Vi wavelengdi plate. 
0.6 mm, mat ofthe CD is equal to 1.2 mm), die spot diameter According to a ftirthcr aspect of die inveotion, in die 
of the laser beam becomes enlarged in die CD due to a above described two kinds of optical pickups, a voltage 
difference in aberration ot die like. In such a situation, which is applied to the liquid crystal panel is variably 
diaefore.dicxe occurs a problem diatinfOTmation of the CD controlled to an optimum value on the basis of applied 
cannot be read by using die optical pickup for the DVD. 35 voltage — Ught reception amount characteristic of die liquid 

In order to solve such a problem, there conventionally crystal panel, 

have been proposed such a mcdiod that two objective lenses According to a still further aspect of the invention, in any 

for DVD and CD are prqiared and the lenses are switched one of die above described optical pickups, when the optical 

in accordance widi die type of disc, a method diat a disc for high density recording is reproduced, an amount of 

correcting lens is inserted into a collimator portion, thereby 60 the transmission light in the center portion of the liquid 

coffccting die abcnation due to die disc, a method that a crystal panel is attenuated by a j^cdctermined amount than 

two-focal point lens using a hologram is used as an objective that of the peripheral portion. 

lens, and the like. According to a further aspect of the invention, in the 

In the case of the mctiiod using two objective lenses or the optical pickup according to the first aspea of die invention, 
method using the correcting lens, however, there are draw- 65 an elcctrocfaromic panel of a transmission type having a 

backs that a complicated mechanism which occupies a large transparent electrode having an aperture pattern in a prede- 

space is necessary, so that it is not suitable for a reduction termined shape is used as a diaphragm means and die 
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applied voltage to the transparent electrode is controlled so FIGS. 6A, 6B, and 6C are diagrams showing a structure 

that the whole surface of the electrochromic panel is trans- of a liquid crystal panel 4 in FIG. 5; 

parent in the reproducing and recording operations of the pjQ 7 is a graph showing characteristics between an 

optical disc for high density recording, and only the aperture applied voltage of a liquid crystal panel having a cell 

pattern portion is transparent during the reproducing opera- 5 thickness of 5.0 jun and a Ugbt reception amount; 

''T^'ng^'J^S^ ^ff aspect of the invention, in the ™, « ' '^^l^^'f^l^^ ^"^^^"^ 

optical pic4, a plurality of a^e patterns are formed W^ed volt^e of a Uquid aystal panel having a cell 

along the radial direction of the disc and ttie appUed voltage 5.4 jim and a hght reception amount; 

is controlled so that the aperture pattern portion in which ttie FIG. 9 is a diagram showing a modification of the optical 

optical axis of the objective lens and the aperture center pickup of FIG. 5; 

coincide becomes transparent PXG. 10 is a constructionai diagram showing the second 

According to a further aspect of the invention, in the embodiment of the optical pickup according to the inven- 

above two kinds of optical pickups, the transmission light tjon; 

amount in the center portion of the elec^ochromic panel is ^ expUnatory diagrams of an 

attenuated by a predctcnmned amount thsuQ tfud of ±c ^^ctrochromic panel in FIG. 10; 

periiAeral portion when the reproduction of the optical disc dcciruuuviiuic i«iuci ui x-^^ , 

for high density recording is pcrfOTncd. FIG. 12 is a diagram showmg an exaiiq>lc of a bquid 

According to a stiU further aspect of the invention, in any crystal panel in which a pluraUty of q>crture patterns are 

one of all of the optical pickups, the shape of the apoturc formed; 

pattern is a circle. FIG. 13 Is a diagram showing the construction of the 

Since the optical pickup of the invention has me feamres example of an electric circuit for controlling an appUed 

as mentioned above, the numerical aperture NA of the lens voltage of the Uquid crystal panel of FIG. 12; 

can be electrically switched by the diaphragm means using FIGS. 14A, 14B, and 14C are explanatory diagrams of 

such an clement as liquid crystal panel, electrochromic ^ switching states of the ^q^rture patterns of the liquid cry stal 

panel, or the like. Both of the DVD and the CD can be, panel of FIG. 12; 

therefore, r^oduoed by using die same optical pickup. pxG. 15 is a grqsh showing diaracteristics of an incident 

Aplurality of aperture patterns are formed along the radial light distribution of an objective lens in a conventional 

direction of the disc and the applied voltage is controlled so optical pickup; 

that the aperture pattern in which the optical axis of the 3Q pjQ 15 45 a diaracteristics diagram of an incident light 

objective lens and its ^)eTture center coincide, becomes die distribution of an objective lens in an optical pickup of the 

V4 wavelength plate or transparent A deterioration in per- invention- 

fonnance of the optical pidaip in association with &e ; ^ ^ 

positional deviation ofttie aperture pattern centj from the therelaUon between a rim strength and a spot diameter. 

opticalaxisof the objective lens due to an eccentnaty of the 35 & f 

optical disc can be prevented. 

Since the voltage which is appUed to the Uquid crystal ™f - 1*^, 18B, and 18C are dia^ showing other 

panel is variabircontroUed to Ae optimum vLe on the example of aperUue patterns of a ^^^^^ 

basis of the appUed voltag<^ceptiinU^t amount char- <>P*^°^ P»^P myctiUotL 

actcristic of the Uquid crystal panel, even if there is a change 40 DETAILED DESCRXFTION OF THE 

in tenoperature of the surroundings or a difference in the ceU PREFEE(R£D EMBODIMENTS 

thickness of the Uquid crystal, the Uquid crystal panel can be ^ . 

made to accurately function as a W wavelength pUte. Emboduncnts of the mvcntion wiU now be described with 

Since the transmission Ught amount in the center portion '^^^'^ ^ the accompanying drawings, 

of the Uquid crystal panel or the electrochromic panel is 45 ^ ^^^^ embodiment of a pickup according 

attenuated by a predetermined amount than that of the to the invention. The first embodiment shows an example in 

peripheral portion during a reproducing operation of the which a Uquid crystal panel is used as an electrical dia- 

optical disc for high density recording, a rim intensity of tiie phragm means. 

Ught entering the objective lens is equivalcntly enhanced As shown in FIG. 1, the pickup includes a laser Ugjit 

and the spot diameter on the disc can be fUrther reduced, 50 source 1, a polarization beam spUtter 2, a collimator lens 3, 

Consequently, recorded data of a read-only DVD (what is a Uquid crystal panel 4, an objective lens 5, an optical disc 

caUed a DVD-ROM) or the like on which the data is 6, a condenser lens 7, a photodctector 8, and a Uquid crystal 

recorded at a high density can be certainly read out panel control circuit 9. A laser beam B emitted from the laser 

JKUWV HF^rRlFnON OF THE DRAWINGS ^"^"^^ * P^^' polarization beam spUtter 

BRIEF DESCWnON OF THE DRAWINGS ^ ^ ^ converted to a plana wave by the coUimatw lens 3. 

FIG. 1 is a diagram showing the structure of the first After that, the planer wave passes through the Uquid crystal 

embodiment of an optical pickup according to the invention; psiatl 4 and is condensed by the objective lens 5 and is 

FIGS. 2A and 2B are diagrams showing a structure of a focused on an information recording surface of the optical 

Uquid crystal panel; disc 6. 

FIGS. 3A and 3B are explanatory diagrams of the opera- ^ The laser beam reflected by die information recording 

tioo when a voltage is appUed to the Uquid crystal panel of surface of the optical disc passes the objective lens 5, Uquid 

FIG. 2; crystal panel 4, and collimator lens 3 and reaches the 

FIG. 4 is an explanatory diagram of a birefringence of a polarization beam splitter 2. As will be readily understood 

Uquid crystal molecule; from the description made hereinafter, the laser beam is 

FIG. 5 is a diagram showing the construction an 65 reflected in the horizontal direction by a plane of polariza- 
cxaiQplc of an optical pickup in which an appUcd voltage <^ tion of the polarization beam spUtter 2 and an image is 

die Uquid crystal panel can be varied; formed on the photodetector 8 via the condenser lens 7. 
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FIOS. 2A and 2B show a stmctural example of the liquid reflected beam, however, is returned firom the circularly 

crystal panel 4 wherein FIG. 2A is a schematic sectional polarized light to the linearly polarized light in this instance, 

view of the liquid crystal panel and FIO. 2B is a schematic The plane of polarization of the reflected beam returned to 

plan view thereof. the linearly polarized light is rotated in the direction which 

In the diagrams, reference numeral 401a denotes a trans- 3 crosses perpendicularly to the plane P of polarization of the 

parent glass substrate and a transparent electrode 4t2d such polarization beam splitter 2 as shown by an arrow of a 

as an rrO or the like is evaporation deposited onto the inner broken line in FIG. 1. The reflected beam firom the q)tical 

surface of the glass substrate. An orientation fUm 403a for disc 6 is reflected in the horizontal direction by the plane of 

giving a predetermined molecular orientation to the liquid polarization of the polarization beam splitter 2 and is sent to 
crystal is further fonned onto die inner surface of the to the photodetector 8 via the condenser lens 7. 

transparent electrode 402a. A liquid crystal 404 having a As mentioned above, since the whole surface of die liquid 

birefringence such as a nematic liquid crystal or the like is crystal panel 4 functions as a Vi wavelength plate and the 

scaled in a gf^ between Che orientation films 403a. whole reflccdon light is transmitted to the photodetector 8 

The transparent electrode 402a has an electrode sh^ in when playing the DVD. the whole lens surface of the 

which a circular aperture pattern 405 is cut out at the center. objective lens 5 is used. When a numerical aperture NA of 

A voltage can be applied to only a portion except the circular the objective lens 5 at this time is, therefore « set to a value 

^>erture pattern 405. ad^;»ted to the DVD, for example, the numerical aperture 

A cell thickness (d) of the Uquid crystal 404 which is NA=0.6 in the case of the SD, the DVD can be effidentiy 

sealed in the gap between the glass substrates 401a is set to reproduced or recorded, 

a thickness which gives a phase difference of '/i of a When recording is to be pcrftHmed on the DVD, it is 

wavelength X or a value that is an odd number multiple of sufficient to raise an ou^ut power of the laser light source 

of the wavelengdi X, to the laser beam passing dirough the 1 and to optically modulate the laser beam B eroitted from 

liquid crystal that is, a thickness which satisfies die condi- the laser light source 1 by recording information. In the case 

tion of An (t=X/4, 3X/4, 5X/4. . . . when a birefringence of a of a phase-change type disc, it is sufficient to merely 
liquid crystal molecule M is An as shown in FIG. 4. In FIG. ^ irradiate die light modulated laser beam onto the disc plane. 

4, nl denotes a refractive index in the direction of an optical In the case of a magnetooptic disc, however, it is necessary 

axis of die liquid crystal molecule M and n2 indicates a to irradiate die light modulated laser beam and also to apply 

refractive index in the direction which crosses perpendicu- a magnetic field onto a spot surface of Che disc by a magnetic 
lariy to the optical axis direction. ^ field generating circuit (not shown). 

A molecule orientation has been given by the orientation On the other hand, in the case of reproducing data from 

film 403a to the liquid crystal 404 to be sealed in a manner die CD, a CD selection signal is supplied to the liquid crystal 

such that die optical axis (refa to FIG. 4) of the liquid panel control circuit 9. When the CD selection signal is 

crystal molecule M is in parallel with the glass substrate supplied, a predetermined voltage is applied to die transpar- 

when it is seen from die cross-sectional direction of FIG. 2A cnt electrode 402a of die liquid crystal panel 4 from the 

and the optical axis of the liquid crystal molecule M is set liquid crystal panel control circuit 9. The liquid crystal panel 

in the direction of 45°, that is. in the diagonal direction when 4 in this instance, therefore, is equivalent to a state where the 

it is seen from die plane direction shown in FIG. 2B, The switch SW in FIG. 3A is turned on. 

optical axis direction of die liquid crystal molecule M gives When the switch SW is "OfT, since a voltage (e) is 
a plane of polarization of a light In the case of the liquid ^ applied to the transparent electrode 402a. in the sealed liquid 

crystal panel 4 shown in FIGS. 2A and 2B. dierefore, die crystal 404 as shown in FIGS. 3A and 3B, only the liquid 

plane polarization is located in the diagonal direction (45"^ crystal in die transparent electrode 402a portion is oriented 

direction). As shown in FIG. 1. die liquid crystal panel 4 perpendiculariy to die substrate and diis portion doesn't 

with such a construction is arranged in a manner such diat function as a Vi wavelengdi plate. Only die circular aperture 

a plane P of polarization crosses the plane P of polarization pattern 405 portion, therefore, functions as a V4 wavelength 

of the polarization beam spitter 2 at an inclination of 45*^. plate. 

The operation of Che optical pickup constructed as When only the circular aperture pattern 405 portion 

depicted above will now be described. functions as a wavelength plate as mentioned above, only 

When data is reproduced or recorded fromrto a DVD such the laser beam which passes dirough die ^jerture pattern 405 
as an SD, a DVD selection signal is supplied to die liquid 50 portion is polarized and the laser beam which passes through 

crystal panel control circuit 9. When die DVD selection die tran^arcnt electrode 402a portion is not polarized, 

signal is supplied, no voltage is ^lied from die liquid When performing the CD reproducing operation, 

crystal panel control circuit 9 to die liquid crystal panel 4. ttierefore, only die laser beam which passes die circular 

The state of die liquid crystal panel 4 in diis instance is aperture pattern 405 portion functioning as a U wavelength 
equivalent to a state diat a switch SW in FIG. 2A is OFF. The 53 plate is reflected in die horizontal direction by die surface of 

sealed liquid crystal 404 remains In the parallel orientation die polarization beam splitter 2 00 which die polarization 

state as shown in FIGS. 2A and 2B and die whole surface of film is formed. The reflected beam is sent to the photode- 

die liquid crystal panel 4 functions as what is called a Vd tector ft via die condenser lens 7. The laser beam which has 

wavelength plate. passed the transparent electrode 402a portion is not reflected 

When the liquid crystal panel 4 is set so tiiat die whole 60 by the surface with die polarization fUm erf die polarization 

surface of die panel 4 functions as a V4 wavelengdi plate as beam splitter 2 but passes the polarization l>eam splitter, 

mentioned above, the whole laser beam B which is emitted That is, such a state is equivalent to a state where In the 

from the laser light source 1 and passes through the liquid laser beam which passes Che objective lens 5. only die laser 

crystal panel 4 is converted from a Linearly polarized light to beam which passes the lens* outer peripheral portion having 
a circularly polarized light The laser beam B converted to 65 a large abcnation is cut out resulting in the numerical 

the circularly polarized light is reflected by the optical disc aperture NA of the objective lens 5 being reduced by an 

6 and again passes through the liquid crystal panel 4. The amount corresponding to the cut-out laser bcaia When the 
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sh^ of the aperture pattern 405 is set so that the Diunerical Wheo the applied voltage — light recqytion amount char- 
apcxturc NA of the objective lens 5 in this instance is actcristics as shown in FIG. 7 or 8 are obtained, the lig^t 
equivalently set to a value adapted to the CD. for exan^e. receiving characteristics measuring circuit 16 obtains a 
NA=about 0.37 (when the laser wavelength which is used is voltage c^ax which gives the maximum light reception 
equal to 650 nm), the CD can be effidendy reproduced by 5 amount and an applied voltage Gj^gj^ which gives the mini- 
using the same optical pickup as that of the DVD. nium light reception amount from the characteristics curve. 

An optical amsotr<^y, that is, the bireficingence An (FIG. Iq the case of FIG. 7, e^^^^ is equal to 2.6V and Cj^jf^ is equal 

4) of the liquid crystal panel 4 mentioned above changes due pjc^ ^ ^qu^i to 2.7V and c^tf/ 

to a change in the ten:4>erature at which it is used, a variation ^ual to 1.6V. 

in the cell thickness (d) (FIG. 2A), or the like. Especially, it nn. *u J • w • r^wr^ 

Uigcly changes due to the temperature changlAvolige '° ^ ^hen the opUcal disc 6 bei^g set is a DVD as shown in 

wWdi gives a phase differenTo^respontog to the % ™- ^V^^r^^^^^'JIf^ (2,6y m case of Fia 7 or 2 7V 

wavele^th plate to the liquid crystal panel 4 and a voltage <^ase of HG. 8) which gives the maximum Ught reception 

which gives no phase difference, tiicicfore, will change. amount is ^lied to boUi o^ 

When the voltage that is applied to the liquid crystal panel ^^^^ 4D2fc. The whole surface of the liquid crystal panel 4 

4 is set at a fixed value, the pcrfonnance of die liquid crystal consequentiy enters a state of the m^um hght reception 

panel 4 deteriorates due to the change in the using ^^^^^^ thai is, a state in which it functions most as a 

teit^)erature, (he variation In the ceU thickness, the like, wavelength plate and a state in which the use efficiency of 

and the efficiency in the use of the light detcriOTatcs. An " highest 

example of (he optical pickup which can eliminate such a Wheo the set optical disc 6 is a CD, it is necessary to make 

problem and can sdt the ^lied voltage to the optimum ^ only the circular aperture pattern 405 portion function as a 

value will now be described hereinafter. V4 wavelength plate in order to reduce the numerical aperture 

FIG. 5 shows ttie second embodiment of (he optical NA as mentioned above, 

pickup acc(7ding to (he invention and shows a case where When the set optical disc 6 is a CD, as shown in FIG. 6C, 

the applied voltage of the liquid crystal paod can be variably the voltage Cjj^ (OV in case of FIG. 7 or L6V in case of 

controlled to the optimum value. FIG. 6 shows an exanqsle FIG. 8) whic^ gives the minimum light reception amount is 

of a structure of a liquid crystal panel which is used for the applied to the transparent electrode 402a in the peripheral 

optical picloq). In the diagrams, the same or corresponding portion and the voltage tj^g^^ (Z6V in the case of FIG. 7 or 

component elements as those shown in FIGS. 1. 2A, and 2B 2.7V in case of FIG. 8) which gives the maximum light 

are designated by the same reference numerals and their 3^ reception amount is applied to the transparent electrode 

detailed descriptions will not be repeated here. As liquid 402fr in (he circular aperture pattern 405 portion, 

crystal panels shown in FIGS. 6A. 6B, and 6C. a case of Consequentiy, only the circular ^>eiture pattern 405 portion 

using a liquid crystal panel (A a vertical orientation structure of the liquid crystal panel 4 enters a state of the largest light 

is used in contrast to tiie liquid crystal panel of the parallel reception amount, that is, a state in which it functions most 

orientation structure of FIGS. 2A and 2B. 33 ^ ^ wavclengdi plate. The ambient transparent electrode 

In order to variably control the applied voltage of the 402^ portion enters a state of the smallest lig^it reception 

liquid crystal panel 4 to the optimum v^ue, a light receiving amount and a state in which the efficiency in use of the light 

characteristics measuring circuit 16 for measuring the rcla- is highest 

tion between the q^Ued voltage to the liquid crystal panel lo the above description, when the set optical disc is a CD, 

4 and the light reception amount of the i^otodctector 8 is 4^ (he voltage Cj^^y which gives the minimum light reception 

newly provided as shown in FIG. 5 and a transparent amount and the voltage Cj^g^^ which gives the maximum 

electrode 402b for applying a voltage is newly formed in the light rec^tion amount have inunediately been applied to the 

circular aperture pattern 405 portion formed in the center of transparent electrodes 402a and 402^. In place of such a 

the transparent electrode 402a as shown in FIG. 6A. method, it is also possible to construct die pikcup in a 

In sudi a structure, it is sufficient to use the following 43 manner such that the voltage e^f^which gives the minimum 

method in order to set the applied voltage of the liquid light reception amount is first applied to only (he transparent 

crystal panel 4 to the optimum value according to (he electrode 402^ and, in a state where the minimum voltage 

ambient temperature and the liquid crystal cell thickness at e^^/A^ has been applied^ the applied voltage to (he transparent 

that time. electrode 4026 in die circular aperture pattern 405 portion is 

That is, when the optical disc 6 is set, first of all, the liquid 50 again changed from OV to a predetermined voltage and that 

crystal panel control circuit 9 sets the circuit so that the the voltage Cj^^ which gives the maximum light reception 

voltage can be applied (0 both of the transparent electrx>des amount obtained at this time is applied to the transparent 

402a and 402fc of die liquid crystal panel 4 as shown in FIG. electrode 402t. In tfiis manner, only Uie circular aperture 

6A,irrespectiveofthetypeofDViyCD, and die switch SW pattern 405 portion can be allowed to more accurately 

is turned on in such a state, and the aj^lied voltage (e) is 5^ function as a '4 wavelength plate. 

gradually increased from OV, A change in light reception FIG. 9 shows the diird embodiment of the optical pickup 
amount of the photodetector 8 when the applied voltage (c) according to the invention. The third embodiment is a 
is changed is measured by the light receiving characteristics modification of the optical pickup shown in FIG. 5. The 
measuring circuit 16. optical pickup of FIG. 9 has substantially the same con- 
When the applied voltage (c) is changed as mentioned tie struction as that of (he optical pickup of FIG. 5 except that 
above, for example, applied voltage — light reception an exclusive-use beam splitter 17 and a photodetector 18 for 
amount characteristics as shown in FIGS. 7 and 8 are obtaining the applied voltage — light reception amount char- 
obtained in the light receiving characteristics measuring acteristics of the liquid crystal panel 4 are provided in front 
circuit 16. FIG. 7 shows a case where the cell diickness (d) of the photodetector 8. A part of die reflected beam is 
of the liquid crystal panel 4 is equal to S.O ^m. FIG. 8 shows 65 extracted by the beam splitter 17 and is sent to the photo- 
a case where the cell thickness of the liquid crystal panel 4 detector 18. The light receiving characteristics measuring 
is equal to 5.4 ^m. circuit 16 obtains the applied voltage — light reception 
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amount characteristics as shown in FIG. 7 or 8 from a ligjit By setting the numerical aperture NA of ttic objective lens 

reception signal of the photodctector 18. 5 in this instance to a value ad^cd to Ae DVD, the DVD 

In case of the optical pickup of FIG. 9, since a light can be cffidenUy rqM-oduccd or recorded 

receiving state can be always monitored by the independent Since the plane of polarization of the laser beam whidi 

photodetector 18, when the light reception amount is flue- 2 reciprocated and passed the Va wavelength plate 11. twice is 

tuated at lot during die reproduction, ^e light reception rotated in the direction which crosses perpendiculaiiy to the 

amount can be corrected so as to achieve a maximum by plane of polarization of the polarization beam splitter 2. the 

gradually changing the applied voltage to the liquid crystal reflection beam from the optical disc 6 is reflected by the 

panel 4. In the case of the circuit of FIG. 9, since the plane of polarization of the polarization beam splitter 2 and 

recording signal is reproduced by a light reception signal of to is transmitted to the photodetector 8 via the condenser lens 

the first photodetector 8, it is preferable to set a beam 7. 

distribution amount to the second photodetector 18 by ttie When reproducing the CD, Uie CD selection signal is 

second beam splitter 17 to a value as small as possible so as supplied to the clectrochromic panel control circuit 12. 

not to deteriorate the S/N ratio. when toe CD selection signal is supplied, the direction of 

FIG. 10 shows the fourth embodiment of the optical the voltage applied to die transparent electrode 10 li? of the 

pickup acccsrding to the invention. electrochromic panel 10 is reversed by the clectrochromic 

The fourth embodiment shows an example in a case panel control circuit 12. 

where an electrochromic panel 10 of a transmission type is a state of the electrochromic panel 10 in this instance is 

used as an electrical dia];^agm means in place of the liquid equivalent to a state where the switch SW in FIG. IIA is 

crystal panel 4 in the optical pickup of FIG. 1. ^ switched to die CD side. When the switch SW is on the CD 

The electrochromic panel 10 can only switch the trans- side, as shown in FIG. IIC, the transparent electrode lOla 

misrion or the noa-transmission of tiic light and doesn't portion with the circular aperture pattern is transparent and 

have a function as a V4 wavelength plate like the foregoing the transparent electrode 101^ in the outer peripheral portion 

liquid crystal panel. When using the electrochromic panel is opaque. 

10, therefore, it is necessary to again separately jH-ovidc a V4 ^ it is. therefore, equivalent to a state where only the laser 

wavelengdi plate 11 as shown in the diagram. Refcreooe beam which passes the outer peripheral portion of the lens 

numnal 12 denotes an electrochromic panel control circuit of a aberration in the laser beam whidi passes the 

In FIG. 10, the same or corresponding con^Kvnent elements objective lens 5 is cut. so that the numerical apermre NA of 

as those in FIG. 1 are designated by the same reference the objective lens 5 is reduced by an amount corresponding 

numerals and their descriptions are omitted here. to such a cut beam When the aperture patterns of the 

FIG. 11 shows a structure of the electrochzx}mic panel 10. transparent electrodes 101a and ltl& of the clectrochromic 

The electrochromic panel 10 is fonned by sandwic^iing a panel 10 are set so that the numerical aperture NA of the 

first color development layer 102, a dielectric material layer objective lens 5 in this instance has a value adapted to the 

103, and a second color development layer 104 between CD, tfien therefore, die CD can be efficientiy rq)roduced by 

transparent electrodes such as ITO or the like. The electro- the same optical pickup as that of the DVD. 

chromic panel 10 becomes transparent or opaque by chang- A liquid crystal panel which uses an electrochemical 

ing the direction of a DC voltage which is applied to the effect and doesnH have the function of the *4 wavelength 

transparent electrodes. plate, for example, a liquid crystal panel of a GH type, a 

When the electrochrcnnic panel 10 is used as a di^>hragm 40 liquid crystal panel of a phase transition type, a liquid crystal 

means of the invention, the transparent electrodes are pat* panel of a DS type, or the like can be also used in place of 

temed as a first transparent electrode 101a presenting a the electrochromic panel 10. 

circular aperture pattern and a second transparent electrode The embodiments described above have been shown with 

101^ which surrounds ttie first transparent electrode 101a. A re^>ect to the case where one circular aperture pattern is 

DC voltage is always applied to the transparent electrode 45 formed in die transparent electrode of the liquid crystal 

101a portion with the circular aperture pattern in the direc- panel 4 or the electrochromic panel 10 and such an aperture 

tion such that the transparent electrode 101a becomes trans- pattern Is turned on or off by the applied voltage. Since an 

parent On the other hand, the direction of a voltage actual optical disc has, however, an eccentricity and the 

which is applied to the n-ansparent electrode \Olb in die objective lens 5 always moves in die radial direction of the 

outer peripheral portion can be dianged by the switch SW, ^ disc by a tracking servo, the optical axis (the center of the 

The operation of the optical pickup of FIG. 10 using the pupil) of the objective lens 5 and the aperture ccnta of the 
electrochromic panel 10 will now be described. When circular aperture pattern are deviated when the CD is 
reproducing or recording data from/to the DVD such as an reproduced, so that diere is a fear of deterioration of the 
SD or die like, the DVD selection signal is supplied to the perfcnnance of the optical pickup, 
electrochromic panel control circuit 12. When die DVD 55 In order to avoid such a problem, it is sufficient to 
selection signal is si^plied, die voltage is applied from die integratedly construct the liquid crystal panel 4 or electro- 
control circuit 12 to the electrochromic panel 10 in the chromic panel 10 and the objective lens 5 and simulta- 
direction such diat die whole panel becomes transparent. ncously move bodi of die liquid crystal panel 4 or electro- 

That is, a state of the electrochromic panel 10 in diis chromic panel 10 and the objective lens 5 by the tracking 

instance is equivalent to a slate where die switch SW in FIG. eo servo. The size of the liquid crystal panel 4 or eloctrochro- 

11 A is switched to the DVD side. When the switch SW is on mic panel 10 cannot be reduced to a size of a certain extent 

die DVD side, the voltage is appUed so that the upper or less and its weight cannot be lightened to a certain extent 

doctrode of the transparent electrodes 101a and 101^ has a or less, so d&at it is impossible to integratedly construct such 

positive potential and the whole surface of the electrochro- a panel with the objective lens 5 and to simultaneously move 

mic panel 10 becomes transparent as shown in FIG. IIB. 65 thera 

Since the laser beam is not shielded by Uie electrochromic FIG. 12 shows an example of the optical pickup to solve 

panel 10, die whole surface of the objective lens 5 is used, sudi a problem. FIG. 12 relates to a case where die invention 
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is applied to the optical pickiq) using the liquid crystal panel is lixoited, however, it is necessary to reduce losses in the 

4 in FIG. 1. A plurality of aperture patterns, namely, five optical system as much as possible and to enhance a light 
aperture patterns 405 j to 405, in the example of FIG. IZ are coupling efficiency as much as possible. 

formed so as to be slightly deviated from each other in &e In the conventional optical pickup fcs* recording, in order 

radial direction of the disc. When the objective lens 5 and the 5 to realize the U^t coupling efficiency, an emission pattern of 

aperture center of the aperture pattern are deviated when the laser beam is shaped by using a prism for shaping the 

reproducing the CD. the aperture pattern whose aperture beam or a short focal point collimator lens, thereby raising 

center most coincides with the optical axis of the objective the light coupling efficiency. With such a structure, an 

lens 5 is selected firom the plurality of aperture patterns and intensity dlstributioQ of the light which enters ttie objective 

is made to funcdon as a wavelength plate. lo i^ns is corrected and a high rim intensity (refer to FIG. 15) 

In order to select the aperture pattern whose aperture of the light which enters the objective lens can be obtained, 

center most coincides with the optical axis of the objective so that there is an advantage such that the shape of toe beam 

lens 5 among the plurality of aperture patterns, as shown in spot on the disc can be set almost to a circle. Since the beam 

FIG. 13, a return voltage e^ of a tracking error signal which shying prism and the short focal point collimator lens are 

is supplied to a tracking error actuator 13 of the objective 15 necessary, there are problems such that the number of parts 

lens 5 is used as a control signal of tfie liquid crystal panel increases and the costs rise and the sh^ also increases, 

control circuit 9 and the aperture patterns 405i to 4053 Since fee short focal point collimator lens is used, there is a 

switched in accordance widi die motion of the objective lens problem such toat a severe adjustment of the precision of die 

5 by the tracking servo. optical system is required. 

That is, in FIG. 13, reference numeral 4 denotes the liquid When die conventional optical pickup for reproduction 

crystal panel; 9 the liquid crystal panel control circuit; 13 the (which doesn't use the liquid crystal panel as in the present 

tracking actuator; 14 a return resistor; and 15 a subtracter. invention) is also commonly used fw recording, since die 

The tracking arur signal obtained by a tracking servo circuit light coupling efficiency of the optical pickup f<x reproduo- 

(not shown) is transmitted to the tracking actuator 13 via the tion is poor^ it is necessary to raise the lig^ii coupUng 

subtracter IS. The tracking actuator 13 moves the objective ^ efficiency by using a collimator lens of a focal distance 

lens 5 (FIG. 1) in die radial direction in accordance widi the which is sli^tly shorter although U is not as short as diat of 

tracking signal The movement amount of the objective lens the optical pickup for recording only. When the collimator 

5 is returned as a return voltage e^ which is generated across lens of a short focal distance is used, the rim intensity in the 

die return resistor 13 to the subtracter 15 and the control is minor axis direction of a radiation intensity distribution 

executed so diat the tracking aror is equal to zero. ^ (oval pattern) of the semiconductor lasCT becomes too low 

The return voltage e^ is also sent to the Uquid crystal panel and tficre arises a drawback that die spot ttiat is focused onto 

control circuit 9. The liquid crystal panel control circuit 9 the disc cannot be converged to be small enough, 

obtains the movement amount of the objective lens 5 at diat The problem diat the cannot be fiiUy converged 

time from the return voltage e^ selects one of die aperture hardly exerts an influence on the recOTding and reproduction 

patterns 405 ^ to 4053 accordance with the movement of toe DVD-RAM in which a recording density is slighdy 

amount and corrects die positional deviation between die low. Wilh respect to the read only DVD-ROM of a high 

optical axis of die objective lens 5 and the q)crture center of recording density, a problem occurs such ttiat die spot 

die aperture pattern. diameter is too l^e as con^>arcd widi die recording density. 

By die arrangement as mentioned above, the position of ^ The optical pickup of die invenUon using *c liquid crystal 

die aperture pattern which functions as a i4wavelengdi plate panel can be also apphcd to the DVD-ROM of a high 

can be changed in accordance widi die motion of die reccading density wiUiout causing such a problem. This 

objective lens as shown in HG. 14. Even if die objective lens point wiU now be described bdow. 

5 is moved in die radial direction of die disc by die tracking In order to also apply die opdcal pickup of the invention 

servo, die optical axis of the objective lens 5 and die aperture 45 to die DVD-ROM having a high recordii^ density wittiout 

ccntcrof the aperture pattern of the liquid crystal panel 4 can causing die above problem, it is sufficient to control die 

be always made to coincide, so that the deterioration of die applied voltage to the liquid crystal panel 4 as follows in die 

performance of die optical pickup in association widi die optical pickup shown in FIGS. 1. 2A, and 2B. In diis case, 

positional deviation of the optical axis of the objective lens a transparent electrode similar to the tran^arent decttodc 

5 and the ^rture pattmi of die liquid crystal panel 4 can be 4024f in FIGS. 6A, €B. and 6C is also needed to be formed 

prevented. The arrangement of FIGS. 12 and 13 can be also in die circular aperture pattern 405 portion fomied in die 

similarly applied to die optical pickup using the electrochro- center portion of the liquid crystal panel 4 shown in FIGS, 

mic panel 10 in FIG. 10. 2A and 2B. 

Aldiough the circular pattern has been used as an aperture In die case of die DVD-RAM in which the recording 

pattern for a diaphragm in each of die cxanqjles, die sh^ 55 density is so small theX it hardly causes a problem, as 

of the aperture pattern is not limited to the circular sh^. As described in FIGS. 1. 2A, and 24>. it is sufficient to merely 

long as die optimum numerical aperture NA for die CD make die whole surface of die panel function as a V4 

reproduction is given, for example, aperture patterns in odier wavelengdi plate without applying a voltage to die liquid 

shapes such as oval pattcra, square pattern, rectangular crystal panel 4. By such an operation, since die spot diameter 

pattern, and the like can be also used. eo ^ suffidendy converged to an extent corresponding to die 

As a DVD. dicre are a read only DVD (hexdnlater, DVD-RAM, die reproduction and recording can be executed 

referred to as a DVD-ROM) and a DVD capable of bodi of in such a state. 

recording and reproduction (hereinafter, referred to as a When rqjrodudng the DVD-ROM in which the recording 

DVD-RAM). When data is recorded on the DVD-RAM such density is hig^ and dicrc is a fear of occurrence of die 

as a phase transition disc, magnetooptic disc, or die like, a 65 problem as mentioned above, the light amount of die apex- 

light power of about 10 mV or more is usually necessary as ture pattern 405 portion in the center portion of the liquid 

an objective emitting power. Since Light ou^ui of the laser crystal pand 4 is attenuated by a predetermined amount and 



11/26/2003. EAST version: 1.4.1 



5,734,637 

13 14 

incident light inteosity characteristics as shown in FIG. 16 polarization beam splitter and the aperture pattern is 

arc given. In order to give such characteristics, it is sufficient switdied in accadance with the optical disc which is used, 

to control the voltage applied to the transparent electrode so that it can be used for botii the DVD and die CD only by 

4026 in the aperture pattern 405 portion in the center portion being under con^}lete electrical control and an qstical 

of the liquid crystal panel 4 and to attenuate the light which 3 pickup which can be easily treated can be (nx>vided. The 

passes this portion by a predetermined amount When the construction is sin:^)le since there is no mechanical motion 

amount of the transmission light of the aperture pattern 405 portion and the reduction in size can be fcalized, Rirthcr, 

portion in the center portion of the liquid orystal panel 4 is since the interference or difi^ction of the light as in a 

reduced as mentioned above, the rim intensity equivalently hologram lens is not used, the use efficiency of the light is 

inaeascs, so that the spot diameter can be converged by an lo also excellent 

amount corresponding to the increase in the rim intensity Accc»^ding to the second aspect of the invention, the low 

and data recorded in the DVD-ROM at a high density can be cost liquid crystal panel which is also technically stable is 

also easily rq>roduced. used as an electric diaphgram means, and in addition to the 

FIGS. 17A to 17D show the relation between the rim effects of tfie first asjKxrt the c^tical pickup can be further 

intensity and the spot diameter. The diagrams relate to a case i5 made smaller and provided at a smaller cost 

where the laser wavelength X=650nm and the numerical According to the third aspect of the invention, in the 

aperture NA of the objective lcns=0.6. optical pickup using the liquid crystal pand, the plurality of 

FIGS. 17A and 17B show the cases of the conventional aperture patterns are formed along the radial directicm of the 

optical pickup. FIG. 17A relates to the case where the rim disc and the ^lied voltage is controlled so that the aperture 

intensity is set to 0.5 and the full width at half maximum of ^ pattern portion in whi<* the optical axis of the oljjcctive lens 

the spot diameter in this instance is equal to 0.57 jun. FIG. coincides with the center of die aperture functions as a V4 

17B relates to the case where the rim intensity is set to 0.1 wavelength plate. Even if the objective lens is moved to the 

and die full width at half mflximum of the spot dlameto* in radial direction of the disc by the tracking servo, the optical 

this instance is equal to 0.63 jmL As mentioned above, in axis of the objective lens and the q)citure center of the 

case of the conventional optical pickup, when the rim ^ ^)crtuic pattern of the liquid crysud panel can be always 

intensity decreases, the spot diameter increases, so that it made to coincide, so diat the deteriOTation in the perfor- 

exeits an influence on the reproduction of the high-density mance of the optical pickup can be pievented, 

disc. AccOTding to another aspect of the Invention, the voltage 

FIGS. 17C and 17D show tiie cases of the optical pickup whidi is applied to tiie liquid crystal panel is variably 

of the invention. FIG. 17C relates to the case where the rim controlled to the optimum value on the basis of the applied 

intensity is set to 0. 1 and the ligjit amount conrcsponding to voltage— Hght reception amount characteristics of the liquid 

a portion of the numerical ^>erture NA of the objective crystal panel so that even if there is a difference about the 

lens=0.4 is set to 50% and the full widdi at half maximum ambient tempeiature change or the cell ttiickncss, the liquid 

of the spot diameter in this instance is equal to 0.59 pm. FIG. crystal panel can be allowed to accurately function as a V4 

17D relates to the case where the light amount conespond- wavelength plate. 

Ing to a portion of the numerical aperture NA of the According to further aspect of the invention, since the 

objective lens=0.4 is set to 25% and the fiill width at half amount of the transmission lig^t in the center portion of the 

mpTimum of the spot diameter in this instance is equal to liquid crystal panel is attenuated, the rim intensity of the 

0.57 \tnL As will be obviously understood from the diagram, ^ Ught which enters the objective lens can be equivalently 

the spot diameter can be reduced by dropping the light raised, so that Che spot diameter on the disc can be hirther 

amount of the center portion and l^e data recorded in converged. The data which has been recorded in the read 

DVD-ROM at a high density can be reproduced without a only DVD-ROM or the like at a high density can be, 

fear of generation of errors. therefore, also certainly read out 

Although, in this case, the coupling efficiency of the light According to a further aspect of the invention, since the 

deteriorates since the light amount is attenuated and the light electrochromic panel having a large absorption coefficient is 

power decreases, the power of the laser light source 1 is used as an electrical diaphragm means, in addition to the 

sufficient because this arrangement is used for the reproduc- effects of the first aspect of &e invention, an optical pickup 

ing opcxation which docsn^t require a high light power. If the whidi can be switched more certainly can be provided, 

reduced amount of the coupling efficiency is compensated According to a further aspect of the invention, in the 

by increasing the ou^ut power of the laser light source 1. the optical pickup using the electrochromic panel, the plurality 

light power necessary for reproduction can be assured. of apcxturc pattems arc formed along the radial direction of 

As an ^>erture pattern of the liquid crystal panel 4 to the disc and the ap|riied voltage is controlled so that the 

attenuate the light amount, in addition to the circular pattm aperture pattern portion in which the optical axis of die 

405 shown in FIG. 16, the aperture pattems shown in, for 55 objective lens and the aperture center c<nncide functions as 

exaii^)lc FIGS. 18A, 18B, and 18C can be used. The control a W wavelength plate. Even if the objective lens is moved in 

method of reducing the spot diameter by dropping the light the radial direction of the disc by the traddng servo, 

amount of the center portion can be also similariy lulled to thea-cfare, die optical axis of the objective lens and the 

the optical pickup using the electrochromic panel 10 shown aperture center of the aperture pattern of the liquid crystal 

in HO. 10. 60 panel can be made always to coincide, so that die dctcrio- 

Although the embodiments of tiie invention have been ration in the performance of the optical pickup can be 

described above, the invention is not limited to the embodi- prevented. 

mcnts but many modifications and variations are possible According to a further aspect of the invention, since the 

within the spirit and scope of the invention. transirussion light amount in the center pCHtion of the 

According to the first aspect of the invention, the dia- 63 electrochromic panel is attenuated. &e rim intensity of die 

lAragm means which can electrically vary the aperture light entering the objective lens can be equivalendy raised, 

pattern is arranged between the objective lens and die so that die spot diameter on tiic disc can be further con- 
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verged. The data which has been recorded io the read ooly 
DVD-ROM or the like at a high density can be cdtainly read 
out 

According to the invention disclosed in claim 9, since the 
circular pattern is used as an ^>crturc pattern, pattern design- ^ 
ing is sinq>lified. 

What is claimed is: 

1. An q)ticai pickup comprising: 
a laser light source; 

a beam splitter, 

an objective lens; and 

a liquid crystal pand arranged in an optical padi between 
said beam splitter and said objective lens, which is 
operative to electrically change an aperture pattern 15 
deftniog at least a size of a light beam passing said 
liquid crystal panel, whereby said aperture pattern is 
switcfaable in accordance with a type of an optical disc 
to be used; and 

wherein said liquid crystal panel is a transmission type 20 
which gives a phase difference of a V4 wavelength or 
a wavelength that is an odd numbei multiple of V4 
wavelength to a transmission light and which has a 
transparent electrode having said £q}erture pattern of 
a predetermined shape. 2^ 

2. An optical pickup comprising: 
a laser light source; 

a beam splitten 

an objective lens; and ^ 
a liquid crystal panel arranged in an optical path between 
said beam splitter and said objective lens, which is 
operative to electrically change an aperture pattern 
defining at least a size of a light beam passing said 
liquid crystal panel, whereby said aperture pattern is 33 
switchable in accordance with a type of an optical disc 
to be used; and 

wherein an applied voltage to a transparent electrode 
having said aperture pattern of a predetermined 
shape is contrcdled so that the whole surface of said 40 
liquid crystal panel functions as a U wavelength 
plate when performing a reproducing operation or a 
recording operation of an optical disc for high- 
density recording and only said aperture pattern 
portioD functions as a wavelength plate when 43 
performing a reproduction operation of a compact 
disc. 

3. An optical pickup cont^Hising: 
a laser light source; 

a polarization beam splitter; ^ 
an objective lens; and 

a liquid crystal panel arranged in an optical path between 
said beam splitter and said objective lens, which can 
electrically change an aperture pattern defining at least 
a size of a light beam passing said liquid crystal paneL 
whereby said aperture pattern Is switchable in accor- 
dance with a type of an optical disc to be used; and 
wherein said liquid crystal panel is a transmission type 
which gtvcs a phase difference ofa*A wavelength or 
a wavelength that is an odd number multiple of *A 
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wavelength to a transmission light and which has a 
tranqiarent electrode having said aperture pattern of 
a predetermined sh^; 
said liquid crystal panel being arranged so that its plane 
of polarization crosses a plane of polarization of said 
polarizatioD beam splitter at a predetermined angle; 
and 

an applied voltage to said transparent electrode is 
controlled so that the whole surface of said liquid 
crystal panel functions as a V& wavelength plate when 
performing a reproducing operation or a recording 
operation of an optical disk for high-density record- 
ing and only said aperture pattern portion functions 
as a V4 wavelength plate when performing a r^no- 
ductioD operation of a compact disc. 

4. An optical pickup according to claim 3, wherein a 
plurality of said aperture patterns are formed along the radial 
direction of the disc and the applied voltage is controlled so 
that the aperture pattern portion in which an optical axis of 
the objective lens coincides with die center of the aperture 
functions as a wavelength plate. 

5. An q^cal pickup according to claim 3, wherein the 
voltage which is apphcd to said liquid crystal panel is 
variably controlled to an <^timum value on the basis of an 
applied voltage — li^ reception amount characteristic of 
the liquid crystal panel. 

6. Ad optical pickup according to claim 4, wherein the 
voltage which is applied to said liquid crystal panel is 
variably controlled to an optimum value on the t>asis of an 
applied voltage — light reception amount characteristic of 
the liquid crystal panel. 

7. An optical pickup according to claim 3, wherein an 
amount of transmission llg^t in the center portion of said 
liquid crystal panel is attenuated by a predetermined amount 
than that the perii^erai portion when performing a 
reproduction operation of an optical disc for hig^ density 
recording. 

8. An optical pickup according to claim 4, wherein an 
amount of transmission lig^t in the center portion of said 
liquid crystal panel is attenuated by a predetermined amount 
than diat of the peripheral portion when performing a 
reproduction operation of an optical disc for high density 
recording. 

9. An optical pickup according to claim 5. wherein an 
amount of transmission light in fte center portion of said 
liquid crystal panel is attenuated by a predetermined amount 
than that of the peripheral portion when performing a 
reproduction operation of the optical disc for high density 
recording. 

10. An optical pickup according to daim 6, whadn an 
amount of transmission light in the center portion of said 
liquid crystal pand is attenuated by a predetermined amount 
than (hat of the peripheral portion when performing a 
reproduction operation of an optical disc for high density 
recording. 

11. An optical pickup according to any one of claims 3 to 
10. wherein the shape of said aperture pattern is a circular 
shape. 
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